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(57) ABSTRACT 

The present invention discloses an ion sensitive ?eld effect 
transistor, comprising: a GaN/sapphire layer, used as a sub 
strate; an a-1nN:Mg epilayer, deposited on the GaN/ sapphire 
layer, used to provide a current path; a ?rst metal contact, 
deposited on the a-1nN:Mg epilayer to provide drain contact; 
and a second metal contact, deposited on the a-1nN:Mg epil 
ayer to provide source contact; and a patterned insulating 
layer, used to cover the ?rst metal contact, the second metal 
contact and the a-1nN:Mg epilayer, Wherein the patterned 
insulating layer has a contact Window de?ning an exposure 
area of the a-1nN:Mg epilayer. 

15 Claims, 10 Drawing Sheets 
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ION SENSITIVE FIELD EFFECT 
TRANSISTOR AND PRODUCTION METHOD 

THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to ion sensitive ?eld effect 

transistors (ISFETs), and more particularly to ion sensitive 
?eld effect transistors With a sensitive contact WindoW for 
detecting the concentration of ions or electrically polarized or 
charged objects, such as proteins, molecules, etc. 

2. Description of the Related Art 
The functions of Ion sensitive ?eld effect transistor (IS 

FET) are based on ion adsorption onto sensing gate Which can 
induce a Helmholtz voltage, modulating the source-drain cur 
rent. The performance of ISFET is primarily determined by 
source-drain current/voltage sensitivity or by gate sensitivity 
at a constant source-drain current. The gate sensitivity means 
the induced Helmholtz voltage at gate regions With respect to 
the concentration change (theoretical Nernst constant of 
59.16 mV per decade at 250 C.). The current/voltage sensi 
tivity transduces the input gate voltage into the source-drain 
current. Optimization of the gate sensitivity and the current/ 
voltage sensitivity is crucial for ISFET applications in bio 
medical and chemical sensing, Wherein the current/voltage 
sensitivity and the gate sensitivity can be in?uenced by mate 
rials or device structures of the ISFET. 

The US. patents related to the formation of the ISFET are 
listed hereinafter. 

(1) US. Pat. No. 4,735,702 discloses a polymer coated on 
an oxide layer of ISFET, Wherein a chemical bond is formed 
on the interface betWeen the polymer and the oxide layer to 
form a sensitive ?lm. 

(2) US. Pat. No. 5,061,976 discloses a method that a car 
bon thin ?lm is coated on the gate oxide of the ISFET and then 
a 2,6-xylenol electrolytically polymerized ?lm is coated 
thereon. 

(3) US. Pat. No. 5,314,833 discloses a method comprising 
steps of depositing a silicon ?lm on a GaAs substrate and 
doping arsenic/phosphorous ions into the silicon ?lm to fab 
ricate the gate With loWer resistance. 

(4) US. Pat. No. 5,319,226 discloses a Ta2O5 sensing ?lm 
deposited by a radio frequency sputtering method on an 
ISFET, Wherein the ISFET consists of a Ta2O5/Si3N4/SiO2 
structure. 

(5) US. Pat. No. 5,387,328 discloses a method ofmeasur 
ing the glucose concentration by ?xing the enzyme on a 
sensing ?lm and using platinum (Pt) as a reference electrode. 
The sensor has a Pt electrode being capable of sensing all 
biological substances Which generate H2O2 in enzyme reac 
tion. 

(6) US. Pat. No. 6,531,858 B2 discloses a method of 
measuring the hysteresis value and the drift value of an a- Si :H 
ISFET. 

(7) US. Pat. No. 6,573,741 B2 a method and an apparatus 
for measuring the temperature parameters of an ISFET that 
uses hydrogenated amorphous silicon as a sensing ?lm. 

(8) US. Pat. No. 6,617,190 B2 discloses an ISFET com 
prising an H+-sensing membrane consisting of RF-sputtering 
a-WO3. 

(9) US. Pat. No. 7,387,923B2 discloses an ISFET using a 
PbTiO3 layer as a sensing ?lm to detect H+ ions and the 
fabrication of the PbTiO3 sensing ?lm by a Sol-Gel process. 

Recently, group-III nitrides, such as AlGaN, GaN, and InN, 
are found to exhibit high sensitivity and robust surface prop 
erties against the chemical damages. The sensors comprised 
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2 
of III nitride along With electronic readout are noticed to be 
promising for next generation sensors. 
Among group-III nitrides, InN exhibits an unusual phe 

nomenon of strong surface electron accumulation, and has the 
potential to realize a high current/voltage sensitivity ISFET. 
The carriers in InN based ISFET transport through surface, 
bulk and interface channels of the transistors. The carriers in 
the surface channel are attributed to the surface electron accu 
mulation Which is con?rmed by various experimental tech 
niques such as capacitance-voltage (C-V) measurements or 
high-resolution electron-energy-loss spectroscopy 
(HREELS), etc. The electron accumulation property corre 
sponds to the particularly loW conduction band minimum at 
17-point and the Fermi stabilization energy (E PS) deep inside 
the conduction band. The carriers in the interface channel, 
induced by the band bending of interface polarization 
charges, depend on the polarity and the lattice mismatch 
betWeen the InN epilayer and the underlying buffer layer. The 
sheet carrier density at the polar InN/AlN layer interface is 
about one order of magnitude higher than that at the nonpolar 
InN/GaN layer interface due to the differences in spontaneous 
polarization. The carriers in the bulk channel are of n-type for 
as-groWn undoped InN epilayer, and are probably to be of 
p-type for Mg-doped InN epilayer. Among the three carrier 
channels, the surface channel is most adjacent to the layer for 
ion adsorption, strongly affecting the channel current. 

In the present invention, a novel ISFET With a Mg-doped 
InN (InNzMg) epilayer is disclosed. 

SUMMARY OF THE INVENTION 

One objective of the present invention is to provide an 
ISFET With high current/voltage sensitivity. 

Another objective of the present invention is to provide an 
ISFET With high sensitivity and robust surface against the 
chemical damages. 

Still another objective of the present invention is to provide 
an ISFET With a concise structure that the current path of the 
ISFET is implemented With an InNzMg epilayer. 

To achieve the foregoing objectives, the present invention 
provides an ion sensitive ?eld effect transistor, comprising: a 
GaN/ sapphire layer, used as a substrate; an a-plane Mg-doped 
InN (a-InNzMg) epilayer, deposited on the GaN/ sapphire 
layer, used to provide a current path; a ?rst metal contact, 
deposited on the a-InNzMg epilayer to provide drain contact; 
and a second metal contact, deposited on the a-InNzMg epil 
ayer to provide source contact; and a patterned insulating 
layer, used to cover the ?rst metal contact, the second metal 
contact and the a-InNzMg epilayer, Wherein the patterned 
insulating layer has a contact WindoW de?ning an exposure 
area of the a-InNzMg epilayer. 

To make it easier for our examiner to understand the obj ec 
tive of the invention, its structure, innovative features, and 
performance, We use preferred embodiments together With 
the accompanying draWings for the detailed description of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section of an ion sensitive ?eld effect 
transistor according to a preferred embodiment of the present 
invention. 

FIG. 2 is a How chart of an ion sensitive ?eld effect tran 
sistor production method according to a preferred embodi 
ment of the present invention. 

FIG. 3a is a cross-section of the resultant structure of 
depositing an a-InNzMg epilayer on GaN/Sapphire using 



US 8,008,691 B2 
3 

plasma-assisted molecular-beam epitaxy (PAMBE) accord 
ing to a preferred embodiment of the present invention. 

FIG. 3b is a cross-section of the resultant structure of 
patterning a photoresist layer for metal evaporation according 
to a preferred embodiment of the present invention. 

FIG. 30 is a cross-section of the resultant structure of 
depositing a metal layer according to a preferred embodiment 
of the present invention. 

FIG. 3d is a cross-section of the resultant structure of 
removing the photoresist layer according to a preferred 
embodiment of the present invention. 

FIG. 3e is a cross-section of the resultant structure of 
patterning a photoresist layer for an anisotropic etching 
according to a preferred embodiment of the present invention. 

FIG. 3f is a cross-section of the resultant structure of an 
anisotropic etching on InN by ICP according to a preferred 
embodiment of the present invention. 

FIG. 3g is a cross-section of the resultant structure of 
removing the photoresist layer according to a preferred 
embodiment of the present invention. 

FIG. 3h is a cross-section of the resultant structure of 
patterning a polyimide layer to de?ne a gate WindoW accord 
ing to a preferred embodiment of the present invention. 

FIG. 4 is a measurement system for a 1.2 um a-InNzMg 
ISFET according to a preferred embodiment of the present 
invention. 

FIG. 5 is the current response ofa 1.2 um a-InNzMg ISFET 
to gate bias in a pH 7 buffer solution according to a preferred 
embodiment of the present invention. 

FIG. 6 is an I-V response of an a-InNzMg ISFET to buffer 
solutions of pH values from 10 to 2 according to a preferred 
embodiment of the present invention. 

FIG. 7 is a dynamic response of an a-InN ISFET in the 
buffer solutions With pH values varying from 5 to 2 according 
to a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention Will be described in more detail 
hereinafter With reference to the accompanying draWings that 
shoW the preferred embodiment of the invention. 

Please refer to FIG. 1, Which shoWs a cross-section of an 
ion sensitive ?eld effect transistor according to a preferred 
embodiment of the present invention. As shoWn in FIG. 1, the 
ion sensitive ?eld effect transistor comprises a GaN/ sapphire 
layer 101, an a-InNzMg epilayer 102, a metal contact 10311, a 
metal contact 103b, an insulating layer 104a and an insulating 
layer 1041). 

The GaN/ sapphire layer 101 is used as a substrate for the 
ion sensitive ?eld effect transistor because it has robust sur 
face against chemical damages. 

The a-InNzMg epilayer 102 is an Mg-doped a-plane WurtZ 
ite InN layer, used to provide a current pathbetWeen the metal 
contact 10311 and the metal contact 10319. The a-InNzMg 
epilayer 102 has a surface channel, a bulk channel and an 
interface channel. The surface channel is an ultrathin n type 
channel of only feW nanometers near the surface of the a-InN: 
Mg epilayer 102, formed due to surface electron inversion, 
sensitive to the variation of gate bias, so the current path of the 
ion sensitive ?eld effect transistor is mainly contributed by 
the surface channel. The bulk channel, of p type, is used to 
form a depletion region at the interface With the surface 
channel to isolate the surface channel. The interface channel, 
of Which the carriers are electrons, is formed betWeen the 
a-InNzMg epilayer 102 and the GaN/ sapphire layer 101, and 
a depletion region formed thereby betWeen the n type inter 
face channel and the p type bulk channel provides further 
isolation for the ion sensitive ?eld effect transistor. The thick 
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4 
ness of the a-InNzMg epilayer 102 is preferably but not lim 
ited to 1.2 pm for providung a Well isolated surface channel. 
The metal contact 10311 is preferably a structure of Au/Al/ 

Ti (50 nm/ 200 nm/ 50 nm), used to provide drain contact of the 
ion sensitive ?eld effect transistor. 
The metal contact 10319 is preferably a structure of Au/Al/ 

Ti (50 nm/ 200 nm/ 50 nm), used to provide source contact of 
the ion sensitive ?eld effect transistor. 
The insulating layer 104a and the insulating layer 1041) are 

preferably but not limited to 2 um-thick polyimide layers. A 
contact WindoW 105 betWeen the insulating layer 104a and 
the insulating layer 1041) de?nes an exposure area of the 
a-InNzMg epilayer 102. The ions in an electrolyte can affect 
the conductance of the surface channel of the ion sensitive 
?eld effect transistor via the contact WindoW 105. 

Please refer to FIG. 2, Which shoWs a How chart of an ion 
sensitive ?eld effect transistor production method according 
to a preferred embodiment of the present invention. As shoWn 
in FIG. 2, the production method includes: depositing an 
a-InNzMg epilayer on GaN/ Sapphire (step a); depositing tWo 
metal contacts on the a-InNzMg epilayer to form an FET With 
an open gate (step b); and forming a pattemedpolyimide layer 
surrounding the ISFET to prevent short circuit. 

In step a, the a-InNzMg epilayer, Which is an Mg-doped 
a-plane WurtZite InN layer, is groWn on a GaN buffer layer 
atop a r-plane {1 102} sapphire substrate by a plasma-assisted 
molecular-beam epitaxy (PAMBE) system. As can be seen in 
FIG. 311, an a-InNzMg epilayer 102 is deposited on a GaN/ 
Sapphire layer 101. The thickness of the a-InNzMg epilayer 
1 02 is preferably but not limited to 1 .2 um for providing a Well 
isolated surface channel. 

In step b, ?rst, as shoWn in FIG. 3b, a patterned photoresist 
layer 301, preferably made of AZ4620, is formed on the 
a-InNzMg epilayer 102; second, as shoWn in FIG. 30, a metal 
layer 103, preferably but not limited to Au/Al/Ti (50 nm/200 
nm/50 nm), is deposited on the patterned photoresist layer 
301; and third, as shoWn in FIG. 3d, a metal contact 10311 and 
a metal contact 10319 are formed on the a-InNzMg epilayer 
102 by a lift-off process. 

In step c, ?rst, as shoWn in FIG. 3e, a patterned photoresist 
layer 301, preferably made ofAZ4620, is formed on the metal 
contact 10311, the metal contact 10319 and the a-InNzMg epil 
ayer 102; second, as shoWn in FIG. 3], an anisotropic etching 
of the a-InNzMg epilayer 102 is performed by inductively 
coupled plasma (ICP) 302; third, as shoWn in FIG. 3g, the 
patterned photoresist layer 301 is removed; and fourth, as 
shoWn in FIG. 3h, a patterned polyimide layer 103a and a 
patterned polyimide layer 1031) are formed to de?ne a contact 
WindoW 105. 

Wafers are diced and the ISFETs are bonded onto carrier 
boards, for example but not limited to PVC boards, using 
conducting Wires, for example but not limited to aluminum 
Wires, folloWed by packaging With an insulating material, for 
example but not limited to polyimethylsiloxane (PDMS). 

Please refer to FIG. 4, Which shoWs a measurement system 
for a 1.2 pm a-InNzMg ISFET according to a preferred 
embodiment of the present invention. As shoWn in FIG. 4, the 
measurement system includes a reference electrode 401, a 
function generator 402, a DC poWer supply 403 and a digital 
multimeter 404. 

The reference electrode 401, provided from the function 
generator 402, preferably made of Hg/HgCl, is immersed in 
an electrolyte 405 to provide a gate bias voltage. 
The function generator 402 is used to provide adjustable 

DC voltage potential for the reference electrode 401. 
The DC poWer supply 403, With an anode coupled to the 

metal contact 10311 (drain) and a cathode coupled to the metal 
contact 1031) (source), is used to supply a channel current for 
the ISFET. 
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The digital multimeter 404, placed betWeen the metal con 
tact 10319 and the anode, is used to measure the channel 
current of the ISFET. 

Please refer to FIG. 5, Which shows the current response of 
an a-InNzMg ISFET to gate bias in a pH 7 buffer solution 
according to a preferred embodiment of the present invention. 
As shoWn in FIG. 5, the drain-source current (IDS), normal 
iZed to the current at gate bias of 0V, is plotted as a function of 
gate bias (V GS) given a constant drain-source voltage (V D5) 
of 0.25 V While the gate is biased through a pH 7 buffer 
solution. The current response is 1.52 and 0.7 to gate bias of 
0.3 V and —0.3 V, respectively. The a-InNzMg ISFET has high 
current/voltage sensitivity because feWer carriers in the inter 
face channel for nonpolar InN/GaN heterointerface are sus 
pected. The surface channel that exists Within the topmost feW 
nanometers from the InN surface is easily depleted upon 
suf?cient gate bias. HoWever, the channel current can not be 
completely suppressed because the carriers at the interface 
are still electrically connected to the surface possibly through 
the sideWalls or the dislocation loops in the bulk. 

Please refer to FIG. 6, Which shoWs an I-V response of an 
a-InNzMg ISFET to electrolyte gate bias in Water and differ 
ent pH buffer solutions (Hanna) of pH values from 10 to 2 
according to a preferred embodiment of the present invention. 
In the measurement, the drain-source voltage (VDS) remains 
unchanged at 0. IV. The current decreases With the decrease of 
VGS that is used to deplete the surface inversion carriers and 
hence suppresses the channel current. The measurement 
result reveals the a-InNzMg ISFET has a current variation of 
about 45% at 0.2V compared With 0V, indicating high cur 
rent/voltage sensitivity characteristics (eg sensitive to gate 
bias). Upon exposure to pH buffer solutions, monotonic cur 
rents increase for various pH solutions of from 10 to 2. The 
average current variation With respect to the pH change per 
decade is found to be 2.7 uA, corresponding to potential 
change of 56.5 mV (eg a sensitivity of 56.5 mV/pH) based 
on correlation With the device performance in electrolyte gate 
bias in Water. 

Please refer to FIG. 7, Which shoWs a dynamic response of 
an a-InN ISFET in the buffer solutions With pH values vary 
ing from 5 to 2 according to a preferred embodiment of the 
present invention. The InN ISFET reveals an abrupt current 
change upon its expo sure to different pH buffer solutions. The 
response time de?ned here is the time it takes from 10% of the 
steady-state current increment (or decrement) to 90% upon its 
exposure to a different pH buffer solution. The response time 
is measured to be less than 10 s for the a-InNzMg ISFET. 

In summary, The current(IDS§_v0Zmge(VGS) characteristics 
demonstrates the nonpolar a-InNzMg ISFET has high current/ 
voltage sensitivity. The doping effect and the nonpolar InN/ 
GaN heterointerface effectively decrease the in?uence of 
bulk and interface channels on the current variation, increas 
ing the current/voltage sensitivity. As a pH sensor, the a-InN: 
Mg ISFET shoW a sensitivity of 56.5 mV/pH and a response 
time less than 10 s. These results reinforce that the a-InNzMg 
ISFET is very promising for a Wide variety of chemical and 
biomedical sensing applications. 

While the invention has been described by Way of example 
and in terms of a preferred embodiment, it is to be understood 
that the invention is not limited thereto. To the contrary, it is 
intended to cover various modi?cations and similar arrange 
ments and procedures, and the scope of the appended claims 
therefore should be accorded the broadest interpretation so as 
to encompass all such modi?cations and similar arrange 
ments and procedures. For example, the substrate can be 
silicon, r-sapphire, c-sapphire, etc.; the crystal orientation can 
be c-, a-, m-, etc.; and the thickness can be adjusted. 

In summation of the above description, the present inven 
tion herein enhances the performance than the conventional 
structure and further complies With the patent application 
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6 
requirements and is submitted to the Patent and Trademark 
O?ice for revieW and granting of the commensurate patent 
rights. 
What is claimed is: 
1. An ion sensitive ?eld effect transistor, comprising: 
a substrate; 
a Mg-doped InN (a-InNzMg) epilayer, deposited on said 

substrate, used to provide a current path; 
a ?rst conductive contact, deposited on said InNzMg epil 

ayer to provide drain contact; and 
a second conductive contact, deposited on said InNzMg 

epilayer to provide source contact; and 
a patterned insulating layer, used to cover said ?rst con 

ductive contact, said second conductive contact and said 
InNzMg epilayer, Wherein said patterned insulating 
layer has a contact WindoW de?ning an exposure area of 
said InNzMg epilayer. 

2. The ion sensitive ?eld effect transistor as claim 1, 
Wherein said substrate is a GaN/ sapphire layer. 

3. The ion sensitive ?eld effect transistor as claim 1, 
Wherein said conductive contact is made of metal. 

4. The ion sensitive ?eld effect transistor as claim 1, 
Wherein said InNzMg epilayer is an a-InNzMg epilayer. 

5. The ion sensitive ?eld effect transistor as claim 1, 
Wherein said contact WindoW is used to contact With an elec 
trolyte solution. 

6. The ion sensitive ?eld effect transistor as claim 1, 
Wherein said ?rst conductive contact is used to couple to a ?rst 
voltage and said second conductive contact is used to couple 
to a second voltage to provide a channel current. 

7. The ion sensitive ?eld effect transistor as claim 1, 
Wherein said ?rst conductive contact and said second conduc 
tive contact include a structure of Au/Al/ Ti. 

8. The ion sensitive ?eld effect transistor as claim 1, 
Wherein said patterned insulating layer includes polyimide. 

9. The ion sensitive ?eld effect transistor as claim 1, 
Wherein said ion sensitive ?eld effect transistor is used for 
sensing the pH value of an electrolyte solution. 

10. An ion sensitive ?eld effect transistor production 
method, comprising the steps of: 

forming a substrate; 
depositing an InNzMg epilayer on said substrate; 
depositing a ?rst conductive contact and a second conduc 

tive contact on said InNzMg epilayer to provide drain 
contact and source contact respectively; and 

forming a patterned insulating layer to cover said ?rst 
conductive contact, said second conductive contact and 
said InNzMg epilayer, Wherein said patterned insulating 
layer has a contact WindoW de?ning an exposure area of 
said InNzMg epilayer. 

11. The ion sensitive ?eld effect transistor production 
method as claim 10, Wherein said InNzMg epilayer is depos 
ited by using a plasma-assisted molecular-beam epitaxy sys 
tem. 

12. The ion sensitive ?eld effect transistor production 
method as claim 10, Wherein said substrate is a GaN/ sapphire 
layer. 

13. The ion sensitive ?eld effect transistor production 
method as claim 10, Wherein said conductive contact is made 
of metal. 

14. The ion sensitive ?eld effect transistor production 
method as claim 10, Wherein said InNzMg epilayer is an 
a-InNzMg epilayer. 

15. The ion sensitive ?eld effect transistor production 
method as claim 10, further comprising a step of packaging 
said ion sensitive ?eld effect transistor With polydimethylsi 
loxane. 


